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A bstrac t: Differential, total and momentum transfer cross sections are cal­
culated for elastic scattering of electrons by H ,0  molecule using Independent- 
Atom-Model (lAM ) over a wide energy range (100 1000 eV). Upto 600 eV 
scattering amplitudes f(o ) for H atom have been obtained in Khare-Shobha 
approximation (KSA) while for oxygen atom in partial waves. For incident 
energies E - 500 eV KSA has been used for both the atoms to calculate scattering 
amplitude. The present results are compared with the available experimental 
data and other theoretical calculations. Our results although obtained through a 
relatively simple approach are in good agreement with data throughout the whole 
angular and energy range except at 100 eV and are comparable to other theore­
tical calculations carried out so far.
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I . Introduction
Elastic cross sections for ^'-HaO scattering process are used as a standard fo r  
d eterm in atio n  o f th e  in e lastic  cross sections and find  th e ir applications in rad iation  
chem istry and space exp lo ra tio n  (D a n jo  and N ishim ura 1 9 8 5 ). Trajm ar et al (1 9 8 3 )  
and G ian tu rco  and J a in  (1 9 8 6 ) , respectively, have review ed th e  experim ental and  
theoretical w o rk  o n  e lec tro n -m o lecu le  scattering . I t  is evident from  these survey  
th a t only a fe w  in vestig a tio n s  are ava ilab le  on r^-HgO elastic  co llis ions at in ter­
m ediate energies. Lassettre and W h ite  (1 9 7 3 ) have measured e lastic  D C S  at 
5 0 0  eV . D an jo  and N ish im u ra  (1 9 8 5 )  have reported the same over an energy range 
4  to  2 0 0  eV . R ecently  Katase et a / (1 9 8 6 ) have measured e lastic  D CS over a w id e  
angular ( 5 ° - 1 3 0 ° )  and energy range ( 1 0 0 - 1 0 0 0  eV ) fo r «-H aO  elastic  scattering. 
Theoretica lly , o n ly  th e  investig a tio n s  o f F u jita  et al (1 9 8 3 ) in G lauber approxi­
m ation and J a in  et al (1 9 8 8 )  on  « - H ,0  elastic  scattering are ava ilab le . In th is  
recent in ves tig a tio n  o f J a in  et al (1 9 8 8 ) o p tica l potentia l approach has been used
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to  o b ta in  e las tic  D C S  by tak ing  d ifferen t versions o f exchange and po larisa tio n  
p oten tia ls . Katase et of (1 9 8 6 )  also carried  o u t m odel ca lcu la tio n  in s ta tic  f ie ld . 
H o w ever, a ll these theoretical results u nder-estim ate th e  data  p articu la rly  at large  
scattering  angles by a large am ount.
R ecently, Khare and Raj (1 9 7 9 , 1 9 8 2 ) in vestig ated  «-C O , e-Og and < -C O *  
elas tic  scattering  in lA M  using partia l w ave  m ethod in th e  in term ed iate  energy  
region in w h ic h  both  d ire c t and p o larisa tio n  p otentia l fo r each constituent atom s  
w e re  considered . S catte rin g  am p litu d es from  d iffe re n t atom  w ere  added  
coherently . T h is  approach has y ie ld ed  very encouraging results fo r these  
m olecu les a t in term ediate  energies (E }  100  e V ). Hence it  m ay be w o rth  w h ile  
to  extend th e  same approach to  ^'-HgO scattering. In the present paper w e ,re p o rt  
elas tic  d iffe re n tia l, to ta l and m om entum  transfer cross sections over the energy  
range ( 1 0 0 -  1 0 0 0  eV ).
I2. Theory I
The d iffe ren tia l cross section (D C S ) averaged over all o rien tations o f m o le c u la \a x is  
in independent atom  m odel ( lA M )  is g iven by (M assey et al 1 9 6 9 ) '
■lY
fMo,W =  2 2  m r m
sin Kr,
1 -1  i - 1
Kr, (1)
w h e re  N  is th e  num ber o f atom s in th e  m olecu le . f i ( 6)  and f j ( o )  are th e  scattering  
am p litu d es proper to  th e  i‘“ and J‘“ a tom , respectively. K is th e  m ag n itu d e o f 
m om entum  transfer by incident e lectron  during  co llis ion . r<y is tb e  eq u ilib riu m  
in ternuclear d istance b e tw een  i‘" and j"' a tom . T h is  eq uatio n  neglects the  
p o s s ib ility  o f m u ltip le  scattering and assumes th a t each atom  scatters as if  it 
W as free.
The a to m ic  scattering  am p litu d e  f(o ) in partia l w aves, taking  a ll th e  partia l 
w aves  in to  account is g iven  by
Al
m  =  l  ^ ( 2 / + 1 ) e * » /  s in 7 „ P , (cos >^) +  f" ^ (e )
i - 0
■f
^  ( 2 H  1)i? *P , (cos e) (2)
l-O
w h ere  and f S , ( 0 )  are th e  phase sh ifts  and scattering am p litu d e , respectively, in 
f irs t Born due to  the dynam ic  p o larisa tio n  po ten tia l. P ( (cos  o) are Legendre p o ly ­
nom ia ls  and M is an in teger.
T o  o b ta in  phaae sh ifts  fo r I® p artia l w a v e  th e  fo llo w in g  d iffe ren tia l equation  
is num erica lly  so lved  (w e  express length in th e  u nits  o f Oq and energy in Rydberg  
unless sta ted  o th e rw is e ).
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W here k “ is th e  energy o f  th e  in c iden t e lectron . The op tica l potentia l Vopi(r) in  
general is com plex energy dependent, non-local and is supposed to  represent all 
the e le c tro n -a to m  in teractions i.e . d ire c t, p o la riza tio n , exchange and absorption. 
For 10  e lec tro n  ta rg e ts  th e  exchange effects  have been fo u nd  n eg lig ib le  fo r incident 
energies E y  1 0 0  eV  (J h a n w a r et al 1 9 7 8 , Ja in  et a l 1 9 8 8 ). The absorption effects  
are a lso  supposed to  have a litt le  im pact on th e  r f ^ l t s  in th e  energy range consi­
dered here. T herefo re , in th e  present in vestig a tio n  w e  take  Vopt(r) as the sum o f 
direct V (,o (r) and p o larisatio n  p o ten tia l V«j»(r) and is spherically sym m etric , real, 
local and energy dependent. The analy tica l expressions o f S trand and  Bonham  
(1 9 6 4 ) are used fo r s ta tic  p o ten tia l o f th e  atom s. V^pCr) is represented by spheri­
cally sym m etric  and energy dependent p o ten tia l g iven by (J h a n w a r and Khare 
1976)
< a r ’>
( r » - M « ) »  ( r *  +  d«)'
w ith  d - 0 . 7 5  k /J . (4 )
<d, are, respectively , d ip o le  and quadrupo le  p o la rizab ilities  o f th e  atom . J  is 
the mean e x c ita tio n  energy o f th e  atom  and is equal to  exp [ L ( -  1 ) /S ( -  1 )] . L ( - 1) 
a n d S ( - 1 ) a r e  th e  p roperties o f the atom  related  to  oscilla to r strength d is trib u tio n  
taken from  D ehm er et al (1 9 7 5 ) . For H  atom  <<d, are taken 4 .5 , 15 and for 0  
atom 5 . 2 , 1 6 .3 ,  respective ly , d  is ca lcu la ted  as 0 .9 2 5  and 2 .0 1 , respectively fo r  
H and 0  atom s.
It  m ay be noted  th a t Vap(r) a lth o u g h  sem i-em pirical is free from  any ad justab le  
param eter. I t  m ay fu rther be noted th a t th e  polarisation  potentia l used by Ja in  
et al (1 9 8 8 )  [e q . 2  o f th is  reference] does n ot g ive  correct behaviour near th e  o rig in  
for n =  2 .
In eq . 2  w e  a lso  requ ire  H o w ever, ca lcu lation  of for h igher values o f I 
becomes t im e  consum ing as it  invo lves m o d ified  Bessel function . So, w e  have  
replaced it  by sem i-c lass ica l phase s h ift ij®, g iven by (LaBahn and C a llaw ay  1 9 69 )
0
^ ayC O d r r„ =  I -t- 0 .5 ,'k.
3 [ r » - r g ] i ' «
(5 )
W e have com pared r)" w ith  fo r d iffe ren t targets  and at various energies and it 
w as found th a t th e y  are w ith in  3% (R aj 1 9 8 1 ) and need neg lig ib le  tim e  for their
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eva lu a tio n . V a lu e  o f M  is so chosen th a t a t l= A 1 , q ,  and are w ith in  2%. For 
higher energies w h e re  th is  co n d itio n  is n o t fu lf il le d , m axim um  va lue  o f M  is taken  
to  be equal to  2 0 .
In  a scattering  process, th ere  can be a s itu a tio n  w h e re  th e  d is to rtio n  o f th e  
w a v e  fu n c tio n  o f th e  p ro je c tile  m ay n o t be o f im portance b u t th e  d is to rtio n  o f  th e  
ta rg e t m ay be q u ite  s ig n ifican t. U nder such co nd itio n s  th e  w ave  fu n ctio n  o f the  
p ro je c tile  in both  th e  channels i.e . in itia l and fina l m ay be taken to  be a p lane w a v e . 
This  W as proposed by Khare and S hobha (1 9 7 0 ) . S o , it  is also ca lled  th e  Khare- 
S hobha approxim ation  (K S A ). M a in  fea tu re  o f th is  approxim ation  is th a t it  is 
co m p u ta tio n a lly  as s im ple as firs t Born. S catte rin g  a m p litu d e  in K SA  is g iven  by
(6)
In  th e  s tu d ies  o f J a in  (1 9 7 8 ) , it  has been found th a t for E ^  2 0 0  eV  K S A  is 
successful to  exp la in  d a ta  fo r scattering . S o , the scattering a m p litu d e |f(0 ) fo r 
H  a to m  has been ca lcu la ted  in K SA . For oxygen atom  upto  5 0 0  eV partia l w ave  
m ethod has been em ployed w h ere  K S A  is not expected  to  be successful. Hoyvever, 
above 5 0 0  eV  fo r oxygen ato m  also w e  use K S A . F in a lly  Ii„oi(^) is obta in ed  from  
eq. (1 ) . The to ta l cross section (T C S ), Q (£ ), and m om entum  transfer cross sections  
(M T C S ), Qm (£ ) , are then o b ta in ed  from  th e  fo llo w in g  re la tions, respectively.
TT
Q(E)=^2 tt ^ /moi(o) sin o de (7 )
"IT
Qk (E )=27 t ^ / „ „ , ( e ) ( l - c o s  0) sin e de (8)
3. Results and discussion
O u r present resu lts  o f D C S  are sh ow n  in F igures 1 to  3  over the energy range 
(1 0 0  - 1 0 0 0  e V ). The results o f soph isticated  ca lcu la tio n  o f J a in  et a l (1 9 8 8 )  are 
inc luded  in figu res  fo r com parison . The G lau ber results o f F u jita  et al (1 9 8 3 )  
d iffe r  w ith  data  s ig n ifican tly  a t large scattering  angles (o >  6 0 )  both  in m agn itude  
and shape. C a lcu la tio n s  o f Katase et al (1 9 8 6 ) have been carried  o u t o n ly  in s tatic  
f ie ld  approxim ation  hence these results are not inc luded  in figu res . F irst o f a ll w e  
focus o u r a tten tio n  a t F ig u re  1. W e  see th a t th e  present results at 1 0 0  and 2 0 0  eV  
reproduce a ll th e  m ino r varia tio n s  in D C S  and s h o w  a -d ip  a t th e  same angle as 
observed exp erim enta lly . A s  far as m ag n itu d e  is concerned, o u r values a t 1 0 0  eV  
lie  m uch  h igher than  th e  d a ta  o f Dan jo  and N ish im u ra  (1 9 8 5 ) and Katase et of
(1 9 8 6 )  p a rticu la rly , in th e  m id d le  angular range. H o w ever, th is  d ifference decreases  
a t 2 0 0  eV . The values o f J a in  et al (1 9 8 8 )  are in b etter agreem ent w ith  data  at
100 eV  th ro u g h o u t th e  w h o le  angular range but sh ow  a poor agreem ent w ith  the  
data a t 2 0 0  eV  im pact energy fo r e > 8 0 ’. Results o f G lau ber approxim ation  
(F u jita  et al 1 9 8 3 ) a lso  d iffe r from  th e  experim ental d a ta  s ig n ifican tly  fo r large
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Figure I . Elastic differential cross section forr-H^O scattering at incident
energies 100 to 1000 eV (Note displacement of initial scale).
: Present calculations : - - - - :  Jain et al (1988).
Experimental data :
X : Lassettre and White (1973) : & : Danjo and Nishimura (1985) ;
O : Katase et a/ (1986).
scattering ang les (0 }  60 ) b o th  in m ag n itu d e  and shape. Reason o f th is  large  
difference b e tw een  present resu lts  and data  at 10 0  eV m igh t be the neglect o f the  
distortion o f th e  in c id en t e lectro n  by H atom  and the m u ltip le  scattering effects  
w ith in  th e  m o lecu le  w h ic h  w i l l  be s ig n ifican t a t th is energy. Inclusion o f the  
distortion o f th e  in c id en t e lec tro n  is expected to  decrease D C S  at small and m idd le  
angles b u t to  increase it  a t la rge  scattering  angles w hereas inclusion o f m u ltip le  
scattering e ffects  w i l l  reduce D C S  by a large facto r at all scattering angles (H ayashi 
and Kuchitsu 1 9 7 6 , 1 9 7 7 , D a im o n  et al 1 9 7 9 ).
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I t  is ev id en t from  Figures 2  and 3  th a t above 2 0 0  eV , th e  agreem ent betw een  
th e  present values and d a ta  increases reg u larly  and fa ir ly  good agreem ent is  
o bta in ed  a t 5 0 0  eV th ro u g h  ut th e  w h o le  angular range. A t  th is  energy o ur values
Figures. Elastic differential cross sections for ?-HjO scattering at incident 
energies 100 to 1000 eV (Note displacement of initial scale).
- ; Present calculations ; ----- -- : Jain et al (1988).
Experimental data :
X : Lassettre and White (1 9 7 3 ); A ; Dan)o and Nishimura (1985);
O : Katase et al (1986).
s h o w  a goo d  agreem ent w ith  both  th e  data  o f Lassettre and W h ite  (1 9 7 3 )  and 
Katase et 0 1 (1 9 8 6 ) . It  m ay be n oted  th a t J a in  et ol ( 1 9 8 8 ) ‘have n o t p lo tted  the 
d a ta  o f Lassettre and W h ite  (1 9 7 3 )  correctly  a t 5 0 0  eV  (S ee  F ig u re  5  o f this 
re ference). In  th is  fig u re  there is a large d ifference b e tw een  th e  d a ta  o f Lassettre 
and W h ite  and Katase et al (1 9 8 6 ) w hereas in fa c t th e  tw o  d a ta  are nearly equal. 
A b o ve  5 0 0  eV , w e  ca lcu la ted  scattering  a m p litu d e  fo r oxygen ato m  also  in KSA 
and then  D C S  fo r H gO  at 7 0 0  and 1 0 0 0  eV . These values  s lig h tly  overestim ate  
th e  d a ta  a t lo w  scattering ang les and underestim ate  a t large scattering  angles. It
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clearly ind icates th a t the d is to rtio n  o f incident e lectron  w a v e  function  is still 
s ig n ifican t even a t 1 0 0 0  eV  by th e  constituen t oxygen atom  o f th e  w a te r m olecule.
In  T ab le  1 w e  have com pared our values o f to ta l (Q ) and m om entum  transfer 
(Qw) cross sections fo r e las tic  c-H ^O  scattering w ith  th e  ava ilab le  experim ental
10^  r
Figures. Elastic differential cross section for t-H^O scattering at incident 
energies 100 to 1000 eV (Note displacement of initial scale).
----- : Present calculations ; - - - - : Jain et al (1988).
Experimental data :
X : Lassettre and White (1973) ; Danjo and Nishimura (1985) ;
O ; Katase et o/ (1986).
data and o ther th e o re tic a l ca lcu la tio n s . It  m ay be noted th a t our values of TCS  
obtained th rough  a very s im p le  approach are alm ost w ith in  14'A* to  that o f Ja in  et al
(1988 ) fo r im p act energ ies E >  2 0 0  eV  and are in good agreem ent w ith  the data of 
Katase et al (1 9 8 6 ) . H o w e v e r, th e  d ifference fo r E ^  2 0 0  eV  is large due to  the  
2
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already m entioned reasons. Present results fo r M T C S  are also com parable w ith  
th e  results o f J a in  et al (1 9 8 8 )  th ro u g h o u t th e  energy range investigated here and  
sh o w  fa ir ly  satis facto ry  agreem ent w ith  th e  data  o f Katase et al. One o f  the  
reasons fo r sm all d ifference betw een th e  present values o f Q and Q „ and data  
m ig h t be due to  th e  fact that Katase et al have ex trapo la ted  th e ir data  beyond 130'"
Table I. Total elastic (Q) and momentum transfer (Q^) cross sections, respectively, for 
electron scattering by water molecule in units of aj.
Q
Energy
eV
Theore­
tical
Experi­
mental
Theore­
tical
Experi­
mental
Present Jain et al 
(1988) 
SHP 1 
Model*
a b Present Jain et al 
(1988) 
SHP 1 
Model*
a b
100 19.76 12.03 10.64 8.46 6.39 5.57 3.61 3.08
200 9.33 7.54 7,54 5.36 2.45 2.39 1.66 I 1.80
300 6.48 5.68 5.57 1.39 1.36 1.06 \
400 5.11 4.64 4.71 0.92 0.90 0.74
1
\
500 4.29 3.96 3.71 0.66 0.65 0.56 —
700 3.27 3.07 2.92 — 0.27 0.39 0.33 —
1000 2.36 2.33 1.96 0.15 0.22 0.18 —
a -  Katase et al (1986) ; b- Danjo and Nishimura (1985).
'O nly the values of the most successful model (SHP 1) of Jain et of (1988) are included 
here.
and they have retained the same trend as observed at 1 0 0  and 2 0 0  eV  i.e . increasing  
trend o f D C S  in backw ard  d irec tio n . H o w ever, fo r E > 2 0 0  eV  such a behaviour 
o f D C S  has not been fo u nd  in theoretica l ca lcu la tio n .
F ina lly , it  is concluded th a t a re la tive ly  sim ple approach (K hare-Shobha approxi­
m ation  along w ith  independent atom  m odel) g ives values o f D C S , T C S  and M TC S  
fo r^ -H g O  e las tic  scattering com parable to  those obta in ed  by Ja in  et ol (1 9 8 8 )  
through a m ore sophisticated  approach. Inclusion  o f d is to rtio n  o f incident electron  
w a v e  fu n ctio n  by H atom  at and b e lo w  2 0 0  eV  and by oxygen atom  fo r £  > 5 0 0  eV 
is expected to  y ie ld  better results th roughout th e  w h o le  energy range ( 1 0 0 -  
1 0 0 0  e V ). The  w o rk  in th is  d irec tio n  is in progress.
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